Correlation between thylakoid protein phosphorylation and molecular organization of the photosynthetic apparatus in a dynamic system.
In-vitro thylakoid protein phosphorylation has been studied in synchronized cells of Scenedesmus obliquus at the 8- and 16-h of the life cycle, stages which are characterized by the maximum and minimum photosynthetic activities, respectively. The stage of maximum photosynthetic activity (8-h) is characterized by the highest protein phosphorylation in vitro and in vivo, by the largest proportion of the heavy subfraction of thylakoids, and by maximum oligomerization of the light-harvesting chlorophyll a/b-protein complex, altogether creating the highest energy charge of the thylakoid membranes. Protein phosphorylation in vitro decreases the amount of the heavy subfraction and increases the amount of oligomerization of the antenna of photosystem I (PSI) (increase of chlorophyll b in the light fraction). Concomittantly, PSII units become smaller (longer time for the rise in fluorescence induction) and photosynthetic efficiency increases (decrease of fluorescence yield). In-vivo protein phosphorylation is controlled mainly endogenously during the 8-h of the life cycle but is exogenously modulated by light to optimize the photosynthetic activity by redistribution of pigment-protein complexes. In-vitro protein phosphorylation seems to restore partially the conditions prevalent in vivo and lost during the preparation of membranes. The effect is greater in 16-h cells which have less-stable membranes. The regulatory mechanism between membrane stabilization and oligomerization on the one hand and redistribution of the light-harvesting chlorophyll a/b-protein complex from PSII to PSI on the other hand remains unexplained. We have confirmed that the mechanism of protein phosphorylation is regulated via plastohydroquinone, but experiments with the plastohydroquinone analogue 2,3,5,6-tetramethyl-p-benzoquinone demonstrated that plastohydroquinone is not solely responsible for the differences in protein phosphorylation of 8- and 16-h thylakoids. The inhibitory effect of ADP and the distinct rates of kinase reaction indicate that the adenylate energy charge and changes in the organization of the photosynthetic apparatus also contribute to the observed differences in protein phosphorylation. Phosphorylation in the presence of 3-(3',4'-dichlorophenyl)-1,1-dimethylurea indicated that the 32-kDa phosphoprotein and the herbicide-binding QB protein may be the same. These experiments also indicated that 3-(3',4'-dichlorophenyl)-1,1-dimethylurea-binding reduces kinase activity directly and not only by inhibiting electron transport.